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Design of water-using networks with multiple contaminants by determining
concentration order of streams
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Abstract: In the design of water-using networks of multiple contaminants, there are two key steps: determining
the process executing order and allocating the process streams. In this paper, a new concept, overall concentration
potential of demand (OCPD) for the process stream is proposed. The OCPD of a stream reflects the concentration
order of a stream compared to all the other streams (including both demand streams and source streams).
Compared to the concentration potential concept proposed by Liu et al (2009), OCPD can compare the
concentration order of a demand stream and that of a source stream. In the design, the process executing order is
determined by the values of OCPDs of the demand streams. The process with the lowest inlet OCPD is executed
first. When satisfying a demand stream of the process being executed, the source stream with the largest quasi-
allocation amount, which is defined in this paper, is used first. A few literature examples are investigated. The
results show that the amounts of fresh water consumptions are very close to the minimum fresh water targets, the
structures of the designs obtained in this work are not complex compared to that obtained in the literature, and the

calculation of the proposed method is very simple.
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Table 1 Limiting data for Example 1 from Ref. [11]

Process Contaminant Cmaoin/,Je 71 Cmacout /) Jo] 71 fomax /teh—1
) A 0 50 25
B 0 100 25
C 0 50 25
5 A 0 100 70
B 0 300 70
C 0 600 70
5 A 20 150 35
B 50 400 35
C 50 800 35
A A 50 600 10
B 110 450 40
C 200 700 40
5 A 20 500 8
B 100 650 8
C 200 400 8
6 A 500 1100 50
B 300 3500 50
C 600 2500 50
; A 150 900 30
B 700 4500 30
C 800 3000 30
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Table 2 OCPDs of streams for Example 1

Stream OCPb Order
D; S
D, 0 1
D, 0 2
D, 1.18 3
D, 5.20 6
Ds 2.38 5
Dg 18.10 9
Dy 20. 82 11
S 2. 00 4
S: 13. 81 8
Ss 12. 96 7
S 21.77 12
Ss 19. 70 10
Se 112. 23 14
N 107. 67 13
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Table 3 Comparison of order of OCPDs and that of

conventional concentrations for Example 1

Stream  OCPD Cox /yle 1! Cms /yle 1!
Dy 1.18 (20 50 50)

S 2.00 (50 100 50)

Ds 2. 38 (20 100 200)
D, 5. 20 (50 110 200 (50 110 200)
Ss 12. 96 (150 400 800)

S 13.81 (100 300 600)
Ds 18. 10 (500 300 600)
Ss 19. 70

Dy 20. 82 (150 700 800)

S 21.77 (600 450 700)
S 107.67 (900 4500 3000)

Ss 112. 23 (1100 3500 2500)
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calculate OCPD by limiting

concentrations of all streams

determine the first performed process
[demand stream(s) with the lowest value of
OCPD]

calculate OCPD by current streams

determine the next performed process
(unperformed demand stream with the
lowest value of OCPD)

B e i BT

Fig. 1 Determining performing order of processes
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Table 4 Final data of streams for Example 1
(where concentrations reaching their

maximum are shadowed)

Process Crn/pl e L1 Covt/pl e L1 F/teh!
D, 0 0 0 50 100 50 25
D, 0 0 0 100 300 600 70
D 20 40 20 150 390 770 35
D, 39.92 1 110 190.75 589.92 @ 450 690.75 40
Ds 20 40 20 500 590 220 8
Dy 100 300 600 700 3500 2500 50
D; 150 390 770 900 4190 2970 30
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Fig. 2 Design for Example 1
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Table 5 Limiting data for Example 2 from Ref. [7]

Fig. 3 Design for Example

Process Contaminant Cmeoin /g Je 71 Cmexcout /o]~ 1 Fmax /foh 1
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Table 7 Final data of streams for Example 2

(where concentrations reaching their

maximum are shadowed)

1 A 0 160 34
B 0 450 34 Process (7"‘/[11 o L1 (7““‘/#1 « L1 F/te+h!
C 0 30 34 D, 0 0 0 160 450 30 34
) A 200 300 75 D, 0 0 0 158.82 | 270 | 381.18 47.22
B 100 270 75 D 160 450 30 993.61 1166.39/ 1580 | 15.35
C 500 740 75 Dy 159.15 319.31 284.98 774.17 897.43 | 900 | 65.04
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Table 6 OCPDs of streams for Example 2
HAHY .
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